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[2] Directory of Restriction Endonucleases 
By Richard J. Roberts 

Table I is intended to serve as a directory to the restriction endonu- 
cleases that have now been characterized. In forming the list, all endonu- 
cleases that cleave DNA at a specific sequence have been considered 
restriction enzymes, although in most cases there is no direct genetic evi- 
dence for the presence of a host-controlled restriction-modification 
system. 

Certain strains have been omitted from this list to save space. Thus 
the many different Staphylococcus aureus isolates containing an iso- 
schizomer of Sau3 A 1 are not listed individually. Similarly the numerous 
strains of gliding bacteria (orders Myxobacterales and Cytophagales) that 
showed evidence of specific endonucleases during a large-scale screening 2 
are still rather poorly characterized. 

Within Table I the source of each microorganism is given either as an 
individual or a national culture collection. The enzymes are named in 
accordance with the proposal of Smith and Nathans. 3 When two en- 
zymes recognize the same sequence (i.e., are isoschizomers), the proto- 
type (i.e., the first example isolated) is indicated in parentheses in column 
3. The recognition sequences (column 4) are abbreviated so that only one 
strand, reading 5' -* 3', is indicated and the point of cleavage, when 
known, is indicated by an arrow ( | ). When two bases appear in parenthe- 
ses, either one may appear at that position within the recognition se- 
quence. Where known, the base modified by the corresponding methylase 
is indicated by an asterisk. A is /V 6 -methyladenosine; C is 5- 
methylcytosine. The frequency of cleavage (columns 5-8) has been 
experimentally determined for bacteriophage lambda (X) and ade- 
novirus-2 (Ad2) DNAs, but represents the computer-derived values 
from the published sequences of SV40 4 and <£X174 5 DNAs. When more 
than one reference appears (column 9), the first contains the purification 
procedure for the restriction enzyme, the second concerns its recognition 
sequence, the third contains the purification procedure for the methylase, 

1. E. E. Stobberingh, R. Schiphof, and J. S. Sussenbach, J. BacterioL 131, 645 (1977). 

2. H. Mayer and H. Reichenbach, J. BacterioL 136, 708 (1978). 

3. H. 0. Smith and D. Nathans, J. MoL Biol. 81, 419 (1973). 

4. V. B. Reddy, B. Thimmappaya, R. Dhar, K. N. Subramanian, B. S. Zain, J. Pan, P. K. 
Ghosh, M. L. Celma, and S. M. Weissman, Science 200, 494 (1978). 

5. F. Sanger, G. M. Air, B. G. Barrell, N. L. Brown, A. R. Coulson, J. C. Fiddes, C. A. 
Hutchison, III, P. M. Slocombe, and M. Smith, Nature {London) 265, 687 (1977). 
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ENZYMES IN RECOMBINANT DNA RESEARCH 



[2] 



TABLE II 

List of Enzymes with Known Recognition Sequences 



Terminal 


Restriction 




extension 


enzyme 


Recognition sequence 


Blunt ends 


Dpnl 


GAiTC 




EcoRV 


PuPuA jTPyPy 




Smal 


CCCiGGG 




Alul 


AG iCT 




PvuW 


C AG I CTG 




FnuDll 


CGiCG 




Hael 


(*)GG iCCcJ) 




Hpal 


GTT i A AC 

vj i i ^ n i\ v* 


V 1 HA TP 


MboX 


1 GATC 






A i GATCT 






G I GATCC 




Bell 


T i GATCA 




YhnW 

A /ICS 11 


Pii 1 fiATCPv 


5'iCG 


Hpall 


CiCGG 




Taql 


T1CGA 




Cln\ 


AT 1 COAT 




Acy\ 


GPuiCGPyC 


5' iTCGA 


Xhol 


CiTCGAG 




Sail 


GiTCGAC 


5' i AATT 


EcoKl 


G 1 A ATTC 


5' 1 AGCT 


///VidlH 


A i AGCTT 


5' 1 CCGG 


Xmal 


C1CCGGG 


5' I CTAG 


Xbal 


T | CTAG A 


3' TGCA i 


Pstl 


CTGCA i G 


3' GTAC i 


Kpn\ 


GGTAC1C 


3' GCi 


Sacll 


CCGCjGG 


3' GCGCi 


Haell 


PuGCGC i Py 


3' CGI 


Hha\ 


GCGiC 


3' AGCT i 


Sad 


G AGCT i C 


5' 1CC(^)GG 


EcoKll 


iCC(^)GG 


5' i GTNAC 


Ecal 


GjGTNACC 


5' I NNNNN 


Hga\ 


5' i NNNNNNNNNNGCGTC 3' 






3' t NNNNNCGCAG 5' 


5' jPyCGPu 


Aval 


CiPyCGPuG 


5' i ANT 


Hinfl 


G 1 ANTC 


5' i GNC 


Asul 


GJGNCC 


5' iG(*)C 


Avail 


G1G(^)CC 


, A G 


Accl 


GTi(£)(^)AC 


3' N| 


Hphl 


5' GGTGANNNNNNNN i 3' 






3' CCACTNNNNNNN | 5' 




Mboll 


5' GAAGANNNNNNNN i 3' 



3' CTTCTNNNNNNN | 5' 
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and the fourth describes its recognition sequence. In some cases two ref- 
erences appear in one of these categories when two independent groups 
have reached similar conclusions. 

Table II contains a listing of enzymes for which the recognition se- 
quence is known and which might be useful for preparing recombinant 
DNAs. They are grouped according to the nature of the fragment ends 
produced. Thus,, fragments generated by all enzymes within any group 
can be joined to one another. 



[3] Addition of Homopolymers to the 3' -Ends 
of Duplex DNA with Terminal Transferase 1 

By Timothy Nelson and Douglas Brutlag 

The linkage of two DNAs in vitro to form recombinant molecules first 
became possible with the discovery of DNA ligases. 2 These enzymes, 
which seal nicks in DNA, can covalently join two DNAs that have com- 
plementary sticky ends such as the short, staggered ends generated by 
many restriction endonucleases. 3 Lobban and Kaiser 4 and Jackson et a/. 5 
showed that complementary ends could be added to DNA molecules in 
vitro with terminal transferase, thus allowing any two DNAs to be linked. 
These workers added complementary single-stranded homopolymers to 
two DNA molecules, annealed the homopolymer regions, and cova- 
lently closed the resulting hybrid in vitro with DNA polymerase I and 
DNA ligase from Escherichia coli. The DNA polymerase was necessary 
to trim any excess unpaired nucleotides at the 3 '-ends or to fill in gaps 
generated by unequal lengths of the complementary homopolymer 
regions. Wensink et al* simplified this procedure by showing that the an- 
nealed recombinant molecules were infectious and that they would be co- 
valently closed in vivo during transfection. 

Lobban and Kaiser 4 originally found that completely duplex molecules 
were inefficient primers for the terminal transferase reaction and that pre- 
treatment of the DNA with lambda exonuclease to expose single-stranded 

'This work was supported by a Basil O'Connor starter grant from the National 
Foundation-March of Dimes. 

2 I. R. Lehman, Science 186, 790 (1974). 

3 J. E. Mertz and R. W. Davis, Proc. Natl. Acad. Set. U.S.A. 69, 3370 (1972). 

4 P E Lobban and A. D. Kaiser, J. Mot. Biol. 78, 453 (1973). 

» D. A. Jackson, R. H. Symons, and P. Berg, Proc. Natl. Acad. Sci. U.S.A. 69, 2904 (1972). 
6 P. C. Wensink, D. J. Finegan, J. E. Donelson, and D. S. Hogness, Cell 3, 315 (1974). 
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